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measure  has  bean  devised  for  comparing  the  effectiveness  of  fighters  in 
the  approach  phase  of  a  fighter  bon4>er  encounter.  The  approach  phase  is  de¬ 
fined  as  the  portion  of  the  fli^t  between  the  instant  of  detection  of  tiie 
bomber  by  the  fighter  and  the  instant  that  the  fighter  begins  firing.  .If  the 
relative  fire  control  and  fire  power  between  fighter  and  bomber  is  the  same  as 


between  filters  and  bombers 


XI;  If  the  .taetios  between  filters 


and  bombers  are  the  same  as  Werld  War  II}  and  if  the  relative  gaining  of  the 
crews  Is  the  same,  then  the  effectiveness  as  detezmdnsd  in  this  report  may  be 

oaipared  with  the  effectivehese,  in  terms  of  relative  eoaibat  lossegj^f  WbridF 

yjJvJ  VJIa) 

liMe  II  fighters  against  War  II  bombers.  \ 


The  ^^effectiveness  measure" of  a  fighter  of  the  German  PW190  type  against 

Cbr 

a  W.7  flying  at  200  knets  at  23,000  was  deteimined.  This  constitutes  the 
base  of  ocsipailson  and  was  assigned  an  '“effectiveness  measm-e*  of  unity,  ^ 

The  following  six  ^cliarta  ,»»ytgurB8  'i' "throg;^!  6,*^  ahoi^he  “effectiveness 
measure"  of  six  presently  operational  or  prototype  aircraft  (P51-H,  FUU-^, 
jkp80-A,  XF2-H,  F86-A  and  XF7-y)  viien  coirqjared  to  the  World  War  II  base. 
Effectiveness  measures  versus  bomber  speed  for  several  altitudes  are  plotted. 
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Ifl-litaiy  attack  aircraft  are  continuously  striving  to  improve  their  in¬ 
vulnerability  to  defensive  type  aircraft  and  to  ground  fire.  Evmtually,  th^ 
Hill  havo  to  defend  themselvea  against  guided  missiles  too,but  as  yet,no  effec¬ 
tive  surface-to-air  or  air-to-adr  guided  missiles  are  known  to  exist.  One 
effective  means  for  the  attack  airplanes  to  defend  themselves  is  to  stay  out 
of  harm'd  reach*'  For  this  reason  the  eaphasis  in  bomber  dssi^  has  been 
towards  greater  speed  and  operational  altitude.  Both  factors  contribute  to 
the  diffioixlties  of  designing  and  building  defensive  fighter  aircraft,  but 
they  do  not  preclude  defensive  aircraft. 

The  part  that  higher  bomber  speed  plays  in  reducing  fighter  effectiveness 
‘is  almost  self-evident  but  it  is  Trorth  idiile  to  list  the  more  important  effects, 
Illgher  bomber  speed,  assuming  other  factors  being  equal, 

(a)  Heduces  t&e  early . 'naming  time. 

(b)  That  in  turn, requires  higher  rates  of  climb  in  an  interceptor*  In 
case  of  Airborne  patrol  aircraft,  time  to  get  into  position  for  an 
approach  to  attack  is  reduced,  thereby  req\iiring  more  accurate  ground 
control;  or  better  equipment  to  increase  the  seaioh  and  detection 
range;  or  coo^uting  and  contltol'  equipment  to^hoose  and  fly  the  opti- 

{ 

mum  Epproach  path,  or  some  combinatiQn'  of  these  elements* 

(c)  For  a  given  distance  apart  at  the  start  of  a  tail  chase,  the  penetra¬ 
tion  distance  of  the  attacking  plans  is  larger.  IMs  comes  about 
from  the  inability,  for  practical  reasons,  to  maintain  the  saae  speed 

j 
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ratio  betireen  fighter  and  bomber  as  existed, for  example, during  Yforld 
War  II.  ' 

(d)  In  case  of  a  frontal  attack  of  the  fighter  on  the  bomber,  higher 
bomber  speed  decreases  the  closing  time  between  them  for  any  initial 
distance  apart.  The  region  from  which  the  fighter  can  begin  an  ap¬ 
proach  run  to  arrive  sufficiently  close  to  open  lire  is  severiQy:r»» 
stricted.  Great  stress  is  placed  upon  armament  and  its  st^porting 
equipment.  For  axaBgjIe,  a  veiy  high  rate  of  fir©  is  required  for 
guns  in  order  to  achieve  a  given  probability  of  a  hit  because  of  the 
short  time  available  for  firing.  For  single  shot  weapons  the  stress 
is  placed  on  the  dlreoting  and  computing  equipment.  Both  visual  and 
radar  detection  probability  is  also  decreased  because  of  reduced  time* 

The  reduction  of  vulnerability  to  flitter  attack  as  a  consequence  of  the 
bomber  operating  at  higher  altitude  is  lass  apparent  to  a  superficial  examina¬ 
tion*  Generally,  the  msudmum  altittide  at  which  an  airplane  can  fly  is  limited 
by  either  the  thrust  available  to  overcome  air  resistance  or  the  lifting  ospaxS- 
ity  of  the  wings  vdiioh  si^port  the  airplane*  If  the  discussion  is  confined  to 
engines  wliich  require  air  from  outside  the  airplane  for  the  operatton,  then  thei 
attainable  altitudes  for  both  of  these  limiting  requirements  are  governed  by 
the  same  natural  phenomena,  i.e*,  the  decrease  of  air  density  with  altitnde. 

I 

The  engine,  of  oonirse,  establishes  the  absolute  mA-irfunvn  since^hlgher  than 
that,  enough  thrust  to  fly  would  not  be  available  even  though  the  winge  could 
stgjport  the  airplane  at  some  ^aed.  Since  the  dimensions  of  a  given  engine 
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are  fixed  and  the  power  output  of  the  encines,  hence  the  thrust>  depends  on  the 
quantity  of  air  flowing  thro\i^  them*  then  it  la  apparent  that  when  the  density 
of  the  air  is  decreased  the  wei^t  of  air  throusb  the  engine  per  unit  tine  will 
be  reduced  and  cwisequently  the  thrust.  Figure  7  shews  the  variation  of  cr", 
the  ratio  of  daisity  of  air  at  any  altitude  to  the  density  at  sea  levels  ■vtith 
altitude.  Note,  for  example,  that  at  ii0,000  feet  altitude^ ^ is  *2liU7j  i»0*» 
the  density  is  only  1/U  as  much  as  at  sea  level.  Hence,  approximately  l/h  as 
much  thrust  as  at  sea  level  would  be  available.  The  outside  air  temperature 
also  decreases  wi-th  altitude.  This  tends  to  increase  the  thrust  but  the  effect 
is  small  conpared  to  the  air  density  effect. 

The  lifting  capacity  of  an  aiiplane  wing  is  a  dominant  factor  in  the 
manouverability  of  the  aircraft.  For  level  fli^t,  obviously,  the  Tdng  must 
support  the  weight  of  the  aijxraftj  i,e,,  lifting  capacity  required  equals 
weight  of  aiiplane.  VIhen  malcing  a  horizontal  turn,  the  aiiplane  wing  must 
si^pport  not  only  the  dead  weight  of  the 
airplane  but  must  also  furnish  the 
reacting  force  to  the  centrifugal  force, 

(See  Sketch  A).  The  resulting  lifting 
capacily  of  the  wing  most  be  some  nuidber, 
n  ,  ti^s  the  lifting  capacity  required 
of  the  wing  in  level  flight. 
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The  relationship  between  lifting  capacity  and  other  quantities  is  given 


Lifting  capacity  s  nW  = 


SW‘<r' 

:'mS' 


in  irdiich  n  -  load  factor  or  the  lifting  capacity 

divided  by  the  wsi^t. 

W  =  weight  of  aircraft,  Iba. 

S  =  area  of  the  idngo,  sq«  ft. 

and  V  ®  ^eed  of  aircraft,^^u^ 

•••  lift  coefficient. 

C'  «  ratio  of  ambient  air  density  at  altitude 
to  aaibiatit  air  density  at  sea  level 

It  la  seen  that  at  a  given  altitude  the  lifting  capacity ,  nW ,  can  be  increased 
either  by  increasii;g  or  the  speed.  ^ 

4 

Every  wing  has  peculiar  lifting  characteristics  which  are  dependent  upcai 

its  geometry  and  speed  of  flight.  Figures  8  and  9  sliow  the  variation  of  the 

mariimm  vSlue  Of  With  Speed  for  several  airplanes.  The  sharp,  break  of 

*  Mwh  nunfcor  of  about  .6  for  World  War  II  aircraft  and  M  ^  .7  for 

postwar  Jet  aircraft  Is  evident.  As  fee  speed  of  airplanes  increases  beyond 

these  speeds,  the  lifting  eapacity  of  the  wings  will  be  decrcsased  because  the 

reduction  in  Cr  more -than -offsets  the  increase  in  lift  due  to  speed.  It 

hax 

follows,  then,  feat  the  ninlBum  taming  radius  will  be  increased.  This  situa.- 
tion  prevails  vp  to  approximately  M  •  1.0. 
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In  actual  naneuvers,  an  airpLano  is  not  likely  to  be  flor.'n  in  tiie  attitude 
v/hich  pravidcc  the  i.uixliimia  value  of  Oj  (Piirc.  .1  and  9).  The  aLr:!larie  v/ould  be 
at  or  near  the  stall  and  v/ould  require  too  Much  of  tlic  Pilot’s  attention  to  Tly 
it,  .Any  iriscue  nd.'jit  result  in  uncontrolled  rii.pht.  Also,  most  ;i  rnlanes  are 
subject  to  vaivinq  degrees  of  ouffetinq  or  c’lalr.nr  when  flyin-;  near  tiic  stall, 
vdietlier  in  low  speed  range  or  in  Iri.ix  sueod  r-aiigo  and  hence  make  poor  gun 
platioras.  Some  sacrifice  in  majd-mum  attainable  Cj  laust  be  made  in  order  to 
have  good  control  of  the  aiixji'aft  and  have  a  satisfactorily  stable  platfom. 

Tliore  is  no  method  for  cstabLishinc  cjcact  values  of  reaxiraum  usable 
vdiich  rdll  provide  acceptable  inancuvorinfj  fLytlng  qualities,  jlfter  considering 

a  niu!il)or  of  relevant  factors  the  percentages  of  maximum  Cj  shovm  in  Table  I 

« 

vrero  choson  as  maxLnim  usable  values  of  0^  for  tlie  .:dlp lanes  analyzed  in  thi.s 

.Ij 

rqoort.  Using  the  values  of  C,  in  Figs.  8  and  9,  togetlier  vdth  the  fac- 

'cicix 

tors  In  Taijle  I,  Uie  turning  cliaracteri sties  as  limited  by  tlie  liftin;;  capacity 
of  the  vrings  of  several  airplanes  haye  been  computed  and  are  sliovm  on  tiie  over- 
Loys,  Fifpires  12  tlirougli  21.  These  overlays  have  been  enclosed  in  the  envelope 
attachod  to  the  inside  back  cover.  In  order  to  read  the  actual  values  of 
radius  and  speed,  it  is  necessary  to  superimpose  the  transparent  overlays,  vdth 
due  regard  to  tlie  control  corners,  on  any  one  of  tiio  Figures  22  through  3U. 

On  Figures  18  through  20,  the  turning  radius  of  the  XF7U  as  limited  by 
available  engine  T>ovfer  are  also  plotted.  In  ceneral,  the  radius  of  turn  as 

I 

limited  by  power  vdll  be  proportionately*  sii.dlai-  for  the  other  aircraft  dis- 
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TABLE  I 

UAXIMOM  USABLE  LIFT  COEFFICIENTS 

t 

USABLE 

TYPE 

IIACH  RANGE 

Cl 

0  to  .675 

8055  c. 

Taax 

above  .675 

90^  C, 

FUn-5 

0  to  .65 

W 

8o^  C. 

above  ,65 

90?  Ct 

Tnax 

XF2H 

0  to  .725 

80?  C. 

above  ,725 

90?  C, 

YP80-A 

0  to  .7 

80?  C. 

“ITWC 

' 

above  .7 

90?  Cr 

THX 

p86-a 

0  to 

above  .75*^ 

nnax 

XF7U 

couplet®  range 

»  Slats  open  curve 
-a*  Buffet  boundary  curve 
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cussed  in  tiiis  I'epoi’t. 

22  throu"li  3li  are  ulots  of  the  inaxinun  constant  tumin'-  radii 
that  are  per, littcd  to  an  air  interceptor  if  it  is  desired,  to  aonroacli  a 
strai  ht  flyin ;  tar;;et  ’.TiUhout  a  tail  chase,  (ii  'tires  35  tlirou:;h  3o  are  ore- 
sentatJons  o.,’  this  sane  infer, aation  'n  a  aorc  "eneralised  forr.i.)  ether  con¬ 
ditions  itiposcu  are  that  the  fiphter  starts  the  tum  at  the  narticulcir  initial 
dt  stance  apart,  rij''s  at  cor.ctant  speed,  roo.cUes  a  point  in  space  a  snccliled 
anttle  and  distance  off  frotn  the  tarf^et  and  at  that  ooint  has  the  proper  heading 
to  i':  i-e*  '-he  projoctilo  fnon  the  ri  ;htcr  is  required  to  travel  500  yards.  The 
radii  arc  plotted  a,:aiast  n.'htor  speed.  Tn  rest  cases  two  sots  of  cuiaros  aro 
sliov.Ti,  one  set  bcin ;  for  an  initial  di.stanec  apart  of  3  nautical  n-lles  and  tJie 
other  set  .do"  initial  distance  apart  of  6  nautical  ai.lcs.  for  each  initial 
(II stance  apart  several  cuz’ves  arc  clotted  for  diffei-ont  target  speeds.  A 
Gclionatic  diaqran  on  cacr,  chart  shovfs  the  initial  relatii’c  headings  of  the  two 
a;  rcra.^t  consideT'cd  on  that  chai't,  ..hce-e  the  relative  hoadin.gs  are  siicli  tiat 
t)ic  naxiinun  Deri.Tissi’.ile  radii  aro  large,  then  only  the  condition  of  3  nautical 
■v.'lcs  initi.al  distance  apart  is  siiov.-n.  Ac  .cn  .T-proicimation  the  radius  required 

nay  he  ac.si’juod  to  var/  linearly  1/11!!  ini  tial  distance  anart. 

% 

Tnc  radii  of  tum  siio'.vn  on  i  iircs  22  tiu'ouqh  3li  are  for  raatiicrnatl cai.ly 
exact  oatiiG  and  speeds, «  Since  such  proci.s.lon  is  not  yet  attainable 


■if-Sce  Appendix  I  ,^or  derivations  of  equations  used  to  connute  data  for 
Rlp-u’cc  22  tiirou'h  3C. 
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either  by  instniments  or/  liTimaii  judgment,  a  satisfactory  margin  of  performance 

* 

must  be  determined.  07  si^riraposing  the  overlays  (Figures  12  through  21)  on. 
Figures  22  through  3U,  it  can  be  determined  vjhether  the  airplane  could  just 
make  any  of  the  specified  approaches  or  whetlier  it  has  any^^raargin  of  maneuver¬ 
ability.’* 

Sketcli  B  reproduces  the  result  of  superimposing  Figure  12  oh  Figure  23. 
For  the  sake  of  clarity,  only  the  available  radius  of  turn  of  the  FUU-5  (from 
Figure  12)  and  tho,  required  turn  radius  against  a  1^0  knot  target  (from 
Figure  23  (extr^olated))  at  an  initial  distance  apart  of  3  nautical  miles  are 
shoT/n.  The  niaxLmvnn  level  fll^t  speed  of  the  is  shoim  by  the  vertical 
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ST:?5posing  nw  that  the  FliN-5  is  assxuned  to  be  flying  at  its  maximum  speed 
at  about  lg,gOO  feet  altitude*  At  some  instant,  a  target  appears  Hying  in 
the  opposite  direction  at  IgO  knots  at  lg,000  feet  altitude.  At  the  time  of 
detection,  the  target  is  exactly  3  nautical  miles  avray  fixm  the  Flj-U-g  and  at 
such  distance  to  one  side  of  it  tliat  if  the  Fl;D“g  instantaneously  started  a 
turn  with  the  raditxs  and  speed  sliown  by  point  A  on  Scotch  B  it  would  reach  a 
point  in  space  from  Thich  it  could  fire  instantaneously  rdth  the  proper  lead. 
The  distance  traveled  by  the  projectile  wbuld  be  gOO  yards.  It  will  be  noted 
that  at  the  conditions  of  point  A  the  PliU-g  must  pull  about  The  height 

advantage  of  gOO  feet  is  estimated, by  calculation,to  give  liim  the  necessary 
additional  force  (gravity  component)  to  maintain  his  speed  and  radius  of  turn 
at  the  constant  valxies  specified  by  point  A.  The  path  floTO  is  shown  on 
Figure  10  and  marked  A. 

If  the  pilot  should  prefer  to  make  the  ti^test  tUm  that  is  possible, 
then  ho  could  bank  and  pitch  the  FUu-g  to  such  an  attitude  that  it  would  have 
ths  speed  and  radius  combination  of  point  E  of  Sketch  B.  Ho  could  not,  how¬ 
ever,  from  an  initial  altitude  of  lg,g00  feet,  maintain  the  speed  at  point  E 
and  would  slow  down  to  some  speed  that  might  be  Indicated  by  point  D  on  the 
sketch,  dreading  on  the  angle  throng  which  he  turned  and  the  power  needed  to 
maintain  a  steady  txati.  '  In  the  case  of  the  FUU-g,  it  is  estimated  that  to 
turn  through  160°  wotild  slow  the  aircraft  down  from  372  knots  to  320  knots.  No 
altitude  need  be  lost.  The  airplane  would  successively  assume  the  radii  and 
speed  combinations  between  points  E  and  D.  The  path  prescribed  by  this 
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maneuver  in  annroacliin;;  the  tar;’et  ic  shovai  on  I'^l-nire  10  and  narked 


It  l£ 


possible  to  sloi;  00^  even  further  vdtiiout  losing  altitude,  szy  to  point  but 
the  radius  of  turn  is  no.;-  becorniri';  larger. 

It  boconcs  apparent  nov/  that  the  alrpLane  could  assuiae  any  co -.bination  of 
speed  and  radius  of  turn  that  is  contained  in  the  area  A  h  f  b'  K.  Of  course, 
the  aJ.rplanc  could  also  fly  any  combination  of  sijeed  and  radius  above  line 
k  C  but  tliat  ’..'o'ald  violate  the  initial  conditions  of  the  problcjii  as  shown  in 
the  diarra-,  of  i'i'jui’e  23,  allo^vin,'•;  treater  penetration  of  tlio  target  for  any 
pivon  speed.  On  the  other  hand  only  the  combinations  of  speed  and  radii  of 
lino  A  i-  C  are  needed  to  just  meet  tJic  .-cometry  of  the  ciiar'ram.  V.'itli  eacli 
combination  of  speed  and  radius  on  lino  A  !  i:  there  are  only  two  ooints  (ono  on 
each  side  of  the  target  flight  patli)  on  tlic  3  nautical  mile  detection  pcidracter 
v/licrc  tlic  fifpiter  must  be  in  oxxlsr  to  fly  the  pi'eccribcd  patlu  If  a  fi  liter 
aii’plano  available  radius  of  tiu’n  lies  below  lino  A  d,  then  it  can  be  trans¬ 
lated  as  havLiv;  the  ability  to  roach  the  ooint  of  fire  from  an  arc,  rather  than 
just  one  nolnt,  of  the  3  nautical  mile  perimotor  as  is  indicated  in  ?l".are  10, 
or  the  ability  to  vary  the  path  from  a  ;;ivcn  uoint,  for  example,  patli  V  of  tlie 
sane  figurej  therefore,  the  size  of  the  reiyon  (area  A  h  D  II  of  Sketcli  \)  be¬ 
tween  the  available  radius  of  tum  of  a  fighter  and  tho  required  radius  of  a 
riven  hinematic  pi’oVdoa  is  a  measure  of  the  "excess  maneuverability"  tliat  tlie 
fighter  has.  lie  can  employ  tlie  "excess  maneuverability"  to  nialx  corrections 
for  initial  positi oninr:  or  orientation  errors  or  errors  in  judgment  of  direc¬ 
tion  and  siloed  of  target  after  lie  has  begun  the  approach. 
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The  question  now  arises,  “Just  how  much  excess  maneuverability  provides  a 

# 

satisfactory  margin'j"  , 

Enemy  aircraft  in  Yforld  V/ar  11,  when  attacking  our  unescorted  bombers  in 
large  numbers,  ware  highly  successful#  For  exan^jle,  in  the  Schwelnfurt  raid  of 
lU  October  19lk3,  about  230  bombers  took  part.  Opposition  fighter  aircraft  par¬ 
ticipating  In  combat  were  about  290,  or  a  ratio  of  1.2?  fighters  to  one  boaber. 
Bomber  losses  in  that  raid  were  26^  or  60  aircraft  of  which  1/3  or  20  may  be 
assxmed  due  to  flak  or  other  causes  and  the  remainder  UO  or  17»k%  of  attacking 
bombers  due  to  eneny  alorcraft.  Again,  on  January  11,  IpliU,  ???  bombers  took, 
part  in  an  attack  and  were  opposed  by  UOO  enemy  fighters.  A  total  of  60 
bombers  were  lost,  presumably  about  liO  due  to  eneay  fighters.  Here,  the  ratio 
of  fighters  to  borabers  was  .72  aixi  the  bomber  losses  7^..  Figure  11  is  a  plot 
of  the  data  on  only  U  missions  and  is  included  for  general  interest  only. 

The  fighters  ware  not  all  committed  at  one  time  against  the  total  number 
of  bombers.  The  Gormans  developed  tactics  of  conoeittratl^  as  many  as  ?  or 
'more  fighter  aircraft  attaclcing  from  a  nximbor  of  directions  against  a  single 
baaber.  It  may  be  argued  then,  that  German  filters  had  the  capability  of 
approaching  within  firing  range  of  the  booibers  from  several  directions. 
!niorefore,  an  examination  of  the  oaz^n  of  Hsxcess  maneuverability^ of  the 
German  fighters  against  the  B17*vi'’^uld  give  an  ^effectiveness  measure*'  vbich 
would  be  related  to  Voiid  War  II  bomber  losses.  Qy  means  of  the  overlays  and 
charts  the  excess  maneuverability  or  effectiveness  of  present  day  fighters 
against  varying  speed  targets  can  be  determined  and  compared  with  the  effsc- 
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tiveness  of  German  fighters  againat  U.  S.  Bombers  of  V/orld  Y/ar  n .  Assuraing 
that  all  other  factors  betnean  filters  and  bombers  (armament,  fire  control, 
orew  competence,  etc.)  are  relatively  the  same  as  they  were  in  V/orld  lYar  II, 
then  the  losses  would  be  proportional  to  the  effectiveness  measures. 

;.;ror  the  determination  of  the  World  V/ar  II  effectiveness  Tneasure,  the 
German  fighter,  the  ]!\T190,  was  considered  to  be  representative.  The  U.  S. 

B17Q  cniising  at  200  knots  at  23,000  feet  was  used  as  aiopresentatlve  target. 

Sufacient  information  on  the  JW190  was  not  available  to  make  a  detailed 
analysis*  However,  from  a  performance  standpoint,  the  FldJ-5  is  sufficiently 
similar  to  the  IWIPO  to  permit  the  use  of  its  spplicable  characterLstios  to 
.oom{>ute  the  effectiveness  base.  A  coc^arlson  of  some  of  the  more  applicable 
performance  characteristics  of  the  FV/190  and  FijTf-5  are  shown  belowt 


m 

FWlgO 

Fl*U-g 

Combat  V/ing  Loading 

1;6.7  Ibs/sq  ft 

l;l,5  Ibs/sq  ft 

Combat  Speed  ®  15000* 

372  kts 

370  kts 

Combat  Speed  ®  31000* 

395  kts 

390  kts 

Servioe  Ceilliig 

14*000* 

1*3000* 

Eaccept  for  wing  loading,  which  is  an  important  parameter,  the  performance 
eharacteri sties  are  quite  similar.  Accordin^y,  tho  pltU-5  was  used  to  repre¬ 
sent  German  filter  capability. 

The  next  problem  which  arises  is  to  determine  vW,oh  of  the  Figures  0.r 
throu^  3U  need  be  used  and  what  wei^t  to  assign  to  edch. 
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From  an  Qjerationa  Analysis  Report  of  the  Eight  Air  Force  (C5-5521,  AF), 

* 

the  following  data  on  direction  of  attack  was  obtained; 

TABIE  II  ' 

Period  Period  Period  Average  of 
Jnl.  Aug.  Jan.  Feb.  Apr.  May  all  Periods 
Direction  of  Attack  Sept.  19U3  Mar.  19Ui  19ltU  _ 


Per  Cent  of 

Total,  Attacks 

From  Nose  (11,  12  &  1  o'clock) 

26.7 

30.1 

li.6 

32,5 

From  Beam  (2,  3,  U  &  8,  9,  10 
o'clock) 

31 

27.6 

22.6 

27.6 

From  Tail  (5,  6  &  7  o'clock) 

li2.3 

1;2.3 

32.8 

39.9 

In  this  analysis,  to  represent  nose  attacks  the  average  of  the  effoetivaness 
values  of  Figures  32  and  3k  trer©  usadj  for  beam  attacks  the  average  of  effec¬ 
tiveness  values  of  Figures  29  and  31  vere  used;  and  for  tail  attacks  the  effec¬ 
tiveness  value  of  Figure  25  ffas  used.  Each  of  the  average  values  is  then  mul¬ 
tiplied  by  the  proper  average  percentage  that  attacks  occxured  from  that  direc¬ 
tion  as  shown  in  Table  II •  Adding  the  resultant  values  from  the  throe  direc-  . 
tionc  gives  the  effectiveness  number. 

The  discussion  to  this  point  has  assumed  a  single  shot  type  vfeapon  which 
is  fired  on  a  collision  path  at  500  yards  from  the  target,  for  exanple,  a  salvo 
of  2  3/k  inch  rockets.  It  is  possible,  hovrever,  to  fly  a  minimum  radius  turn 
(radii  and  ^eed  combinations  along  line  E  D  C  of  Sketch  B)  which  becomes 
tangent  to  a  pursuit  path  at  the  maximum  acceleration  point  of  the  pursuit 
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path  and  to  follow  the  path  from  that  point  into  the  target.  lIMs  situation 
holds  provided  the  ratio  of  speed  of  fighter  to  bomber  is  less  than  2*.  Path 
P  of  Figure  10  illustrates  the  resulting  flight  path® 

In  order  to  give  an  Indication  of  how  close  to  a  target  a  fighter  can 
approach j  follow  a  pursuit  path  from  there  in  and  yet  not  exceed  some  maximum 
permissible  acceleration.  Figures  39  tlirou^  U3  have  bean  prepared-!**.  They 
show  the  combinations  of  Qs,  distances  and  angles  off  the  stem  at  which  they 
ooctir  for  various  bomber  fighter  speed  combinations.  For  axanple,  let  a 
fighter  ^eed  be  U75  knots  and  a  bomber  speed  be  2^0  knots.  The  ^eed  ratio, 

e  «  H  -  1.9. 

The  value  of  lighter  speed,  v, times  bomber  speed,  V,  is 


*  W  =  U75  X  250  *  .119  X  10^. 

How  suppose  that  a  given  fighter  may  not  exceed  20,  then  entering  Fig\ir0-U3  at 

2G  and  moving  across  to  vV  «  .119  x  10^  the  maximum  distance,  ,  from  viiich  a 

'  c ' 

pursuit  path  may  be  followed  is  600  yards.  The  maximum  allowable  angle  off. 


OCp  =  cos^ji;:*  co3‘\9$  *  18.2° 


Tl(hile  PLgures  39  throrugh  1*3  do  not  contain  information  directly  applicable 


♦  For  speed  ratios  equal  to  or  greater  than  2,  maximum  acceleration  is  not 
obtained  until  the  point  of  interception  Is  reached. 

*»  See  Appendix  II  for  equations  used  in  preparation  of  these  figures. 
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to  otlier  than  the  critical  azimuth  angles,  they  may  be  useful  in  other  cases 
as  well.  For  an  aircraft  beginning  a  non-lead  pursuit  path  at  any  given  speed 
ratio,  £  f  range,  r,  and  azimuth  angle,  ,  it  may  be  stated  that  (1)  if  0^ 
is  less  than  Cy^,  then  tho  acceleration  required  during  the  remainder  of  the 
pursuit  path  will  be  less  than  that  read  fran  the  gr^hs  at  r^  ■  r  and  (2) 
if  OCis  greater  than  then  the  acceleration  required  at  some  point  (or 
points)  will  exceed  that  read  from  the  grs^hs  at  r^  *  r. 


KtUFrKL  4.  Esse* 


m.  3i3.i4.  M,ilimeto-s,  5  mm  tires  srcented.  m  lines  heavy. 


I!l«.  ^9-H.  Millimeters.,  5  mm  lines  accerjted,  cm  Imes  hcayy. 


MU'iliaetors.  5  am.  Usies  icr*ctr«2. 
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AFPsirax  I 

The  follovvin^  nomonclaturG,  alon.^-  vdth  those  symbols  sJioTjn  on  Sketches  C, 
D,  and  2  applies  to  Fif;ures  22  throup^i  33.  These  licoires,  vrfiich  ;,lve  the 
radii  of  turn  required  of  fighters  to  meet  the  illustrated  iaaneuvorin;j  prob¬ 
lems,  are  based  on  coirputations  vjiicli  reciuired  utilization  oT  the  equations 
derived  on  the  follov/inr:  pages: 

c  «  distance  fighter  travels  before  releasing  rocket  projectile 
di^  »  distance  bomber  travels  durln;;  time  "t" 

=  initial  distance  betv/eon  bomber  and  fighter 
K  =  ',li stance  rocket  projectile  travels' 

"  ■  V'', 

R  “  radius  of  fi;diter  tmn 

t  =  tiiae  lapse  betv/ocn  bc-innin;;  of  turn  and  moment  of  rocket 
projectile  contact  v/iUi  bomber 

Vq  =  bomber  velocity 

Vp,  =  fighter  velocity 

“  rocket  velocity  (assumed  to  be  1^00  lacots) 

cx.  =  angle  th.roU;di  Trtiich  fightei’  txims  orior  to  releasing  rocket 
projectile 

0  =  angle  betvreen  ini  tial  iighter  path  direction  and  the  bomber's  path 

0  =  angle  betvreen  tte  rocket  path  and  the  bomber  path 

The  first  group  of  equations  apply  to  all  vari.ationG  of  Q  and  cp  . 
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Referring  to  Sketch  C  j  nhere  —90®  and  ~l80°i 


e  ^-so^-ja 
0(~  /scf--fi^(h 


sm/s  -cos  B 


COT:  B 

^  47.^  ^ 

-  <:/'■' i.  K  i  COSB  "  /?  p)  I  A' 

-■  a,-  cos  Tt'  -h  P^s/h  a  ~sin0)  p-  'k  cos  4 
0  ■-■■  R[pin p  +  sm{(jYp^a  K Sit}.p 
R  (COS  C>  ^COS  4  A',S/Wp; 


SI/?  ir==4- 
<i< 


•  cos  -\U- fA 


f  /7  \2. 


r‘(^i 


cos  r  c^t.-lRf^PP  Pf^os  pi}  f  A 


da  --  yd  -[R(cqs  a  4  CC5  P)  -t  Ks!/]  0}  ^  ^R(sm  &  ^-sinp) 
■f  K  cos  (A 

Rrx  ^y^clt-{R(Q0S6  ^cos0>)-^Kstn(^  -\-R(sme-sinp] 
K  cos  pj  -  f /< 
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R(ck sin  ^ 9  -  cos  ^  -t  pK  _ _ 

=  q-jdr^  [R(cos  a + coj  p) + Psm  ^ 

R  (^^-qsine^^'qsm  -  ZRqKcos  <f>(ck'-qsmd~i  cp\^0) 
f  ZRp^  R  (o(-*qs/n  a  -qs/n  pj  +  cos^0 

-  zqpR^cos 0  -t q'^df'-q^RXcoso 

.  yy  y  c.,v  »  ..'O  CT  TOiAJ  yy /■\  sJV.'V  '•■'■' 

“'  q  i\  '.V// 

Expressed  in  the  easily  solvable  siropllfied  quadratic  form  ; 

^  cfS • ')  ^  i  q  <■•  V 1'/  ’■  cpi, CO'' 0  CrC  fpi^R'' 

■h^ZA{(p~qcosq){a~QS//?a  i  q  sny  q) 

^  q^(cos  eocoix0)sin0}\R 

-hp^h^-cripA^cos 0  -  ~  O 

Wh  “  c;  cx  '•  //^'(f- &  ■■  c  ;• /)ro.o> :  .  >'  /Ok  C'/yo- /fos) 

aod  o&  $  ‘9i-q^/so^ 

Eef erring  to  SketchD  ,  vdiore  90°  “0—180°  and  6  ■+^'^180°: 

•  0  -  30"-/^ 
a~p-=  90^-0' 
a=ASO'^p~Q’ 

S//7  p  -^cos  e' 

3in(o:-p)  --c  -^'S  f 
cosp'^sino^ 

cos(y'P)  "S/o  4'  .  '  .  .  . 
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h  ~  /^[s/n  /B  -f  sj/?(o(~j3)]  f  ^ ' 

= B'  i  co,%  i  k’^vn  0 ' 

4'*  (t  C03)f  '^>91CGS((X~/B)-C0SJB'}  -/Kcos  4>' 
-  cf/CO$H  -i  R(S)nf-.%in&  )  -h'co^^' 


smy- 


cos 


Hi) 


cos  ^  B  -i-  cos  ^  i  A’  -S/C 

^  . . 

yl^.  ■•>  [Rfcci'i  ■  -i  cos  v^' ;  7  A^s.m  c ']  " 

+  R{s//?  f  - sm  o ')  -  A'  cos  0 ' 

H-X  e  -  CCS  X'l  ■/■ 

iR(sm^-  sm  c/) -Acas  c/j  -pH 
R(o(-  q  sin  <p  i  q  sjn  e)  i  gA  cos  PH  pH 

[Ricos  bHcc-s  ip')  I  /k;//.'  00'- 

R  (0\-CH  'H  P  ■^U-::hC  Hy^^cRgKCOb.’p  (0('ipS)i-')p  !:fj 

2Rp/((()i  -r/3f/i  0  4  OS.  &’)  -i-q^H'COS  V ' 

7  2  q/j/c^CDS  p '  +p "  /t' ‘  ■  ■  q 

-crRHfcosB'-^cospy  -2q^.R(cos.90cosH)AsM$ 

“  7'7i  "'s/n'p' 

This  equation  is  frivan  in  the  simplified  quadratic  form  on  the  folloYd-ng 
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^CK-qsi/}  (p'  iQ-Sm  ,6»'/  4  q^cos  cos  ff] 

4  \ZK{(pi-qcos(P']((X'  qRnpi 
^  q^(cosR-f  cos  (p')S'n  0'r\^ 
4^[(\fkRp-A"^--ZqpK'C0s<p'-(fyR  < 

e'-~/8d-o  p'--/ko'-0  ■ 

sin  e’^  s/n  ^  s/n  p'-  sin  p 

cos  -  cos  <9  CO>S  P  ’  --  "  CGS  p 

Therefore: 

- qs^n  P  •»  qsmcif  t  R(cos  e  -hcos  pf] 

r  [2  Hpnqco<^  0X'c-  qsinp  4  qsma) 

-  (f  e  f'  cos  ’ 

q’^d;\  ■  0 

n  ‘WJ,7S) 


4  'dgp/dcos  p 

\dhenQ  x-  e  -np  ~Ro ^  (eKpoessea 
oncl  30'^  6^/80'-"  ^  e+(p^ WO 


Referring  to  Sketch  E,  v/liera  ©  ■  0®  aid  (p  -  180®  and  fighter  mtdcee 
tvTd  90®  turns  (OC’^TT)  : 

dQ^-d;  COS 

2R 


d; 


cos  ,- 

)  I U;  / 


-A -an 

.K-2R 

9  '  S 
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+2)^  ^/r'O  ar~4R^ 

ISnpressed  in  a  sinplitled  quadratic  form: 

-dry^o 

V/here  a^irj  o-CT’ ■  ana  ' 

Inspection  of  the  equations  derived  aboTO  tdll  reveal  that  "p”  is  of 
little  aignificanee  in  the  detenuination  of  "N"  for  the  values  of  d^,  K,  and 
Vp  wliloh  havo  been  considered  in  this  report.  iiVon  though  |S.  -^es  3^  through  38 
are  only  exactly  correct  for  p  =  0,1,  errors  resulting  from  the  use  of  these 
figures  vihen  p  ,1  uill  be  inconsequential  for q^ractical  valtiee  of  "VpU  and 
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Hefe]natica(l)ls  the  source  fbr  the  severaGL  equations  tised  tq  eotapute  the 
data  which  Figures  39  throughl43  are  based*  These  equations^  Tdrioh  follcv 
immediately,  refer  to  sketch  F  '»  and  accoi^ahylAg  nomenclature* 

==  TrC^m  ■  C/4-coso^f.y^  ’ 

^  O-i)'  ^ 

suasT;rur/A>G- 

\a;  ik  (' '  #>"’ '  cxcf'o'  «c) 


Reference  0)  fjalso  contains  equations  which  may  be  used  to  confute  the  time 
required  for  a  fighter  following  a  pursuit  path  to  intercept  its  target,  if 
the  initial  range,  r,  and  azimith  angle,  (X,  are  known 


r  ^ILML9L- 

afi 

^  ...r  s^/n<x 

lv(tan  ^Y  [~Tv‘ 


€4/ 


CONFIDENTIAL 


NAVAsn 


Bsoasa  E.  f.  devxtsauT 
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Ra^ASravisrcB  $o 

C  0  N  F  l,p  |,gT  I  A  L 
SKESCH  F 
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PURSUFD 


,(?■  - 

f-u,. 


HOUSNOUTimE 

V  -  true  air  speed  of  pursued 

V  »  true  air  speed  of  pursuer 
&  •  v/v  »  ^eed  ratio 

0(  =  assimuth  of  pursuer  off  purgued's  tail 


(X„  *  aaimuth  anfcle  at  which  n  is  a  maximura 
r  -  ranga  between  pursuer  and  piirsued 
I'f,  =  range  at  wiitoh  n  is  a  raaxiiaum 
r^  =  range  at  which  pursuer  is  hoaded  at  right  angles 
to  flight  path  of  pursued. 

*  hozlaontal  load  factor  -  O  > 

n  ~  wing  load  factor  -  a 
e  •*  gravitational  acceleration 
t  *  time  required  for  pursuer  to  intercept  pxirsued 
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DEPARTMENT  OF  THE  AIR  FORCE 
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MEMORANDUM  FOR  DTIC/OCQ  (ZENA  ROGERS) 

8725  JOHN  J.  KINGMAN  ROAD,  SUITE  0944 
FORT  BEL  VOIR  VA  22060-6218 


FROM:  AFMCCSO/SCOC 

4225  Logistics  Avenue,  Room  SI 32 
Wright-Patterson  AFB  OH  45433-5714 


SUBJECT:  Technical  Reports  Cleared  for  Public  Release 


References:  (a)  HQ  AFMC/PAX  Memo,  26  Nov  01,  Security  and  Policy  Review, 
AFMC  01-242  (Atch  1) 


(b)  HQ  AFMC/PAX  Memo,  19  Dec  01,  Security  and  Policy  Review, 
AFMC  01-275  (Atch  2) 


HQ  AFMC/PAX  Memo,  17  Jan  02,  Security  and  Policy  Review, 
AFMC  02-005  (Atch  3) 


1 .  Technical  reports  submitted  in  the  attached  references  listed  above  are  cleared  for  public 
release  in  accordance  with  AFI  35-101,  26  Jul  01,  Public  Affairs  Policies  and  Procedures, 
Chapter  15  (Cases  AFMC  01-242,  AFMC  01-275,  &  AFMC  02-005). 


2.  Please  direct  further  questions  to  Lezora  U.  Nobles,  AFMC  CSO/SCOC,  DSN  787-8583. 


AFMC  STINFO  Assistant 

Directorate  of  Communications  and  Information 


Attachments: 

1 .  HQ  AFMC/PAX  Memo,  26  No v  0 1 

2.  HQ  AFMC/PAX  Memo,  1 9  Dec  0 1 

3 .  HQ  AFMC/PAX  Memo,  1 7  Jan  02 

cc: 

HQ  AFMC/HO  (Dr.  William  Elliott) 


DEPARTMENT  OF.  THE  AIR  FORCE 

HEADQUARTERS  AIR  FORCE  MATERIEL  COMMAND 
WRIGHT-PATTERSON  AIR  FORCE  BASE  OHIO 
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MEMORANDUM  FOR  HQ  AFMC/HO 


FROM:  HQ  AFMC/PAX 

SUBJECT :  Security  and  Policy  Review,  AFMC  02-005 


1 .  The  reports  listed  in  your  attached  letter  were  submitted  for  security  and  policy  review  LAW 
AFI  35-101,  Chapter  15.  They  have  been  cleared  for  public  release. 

2.  If  you  have  any  questions,  please  call  me  at  77828.  Thanks. 

lES  A.  MORROW 


ecurity  and  Policy  Review 
Office  of  Public  Affairs 


Attachment; 

Your  Ltr  14  January  2002 


MEMORANDUM  FOR:  HQ  AFMC/PAX 

Attn:  Jim  Morrow 


14  January  2002 


FROM:  HQAFMC/HO 
SUBJECT:  Releasability  Reviews 

1.  Please  conduct  public  releasability  reviews  for  the  following  attached  Defense 

Technical  Information  Center  (DTIC)  reports: 

a.  Flight  Test  Program  for  Model  P-86  Airplane  Class  -  Jet  Propelled  Fighter,  2 
December  1946;  DTIC  No.  AD-B804  069. 

b.  Physiological  Recognition  of  Strain  in  Flying  Personnel:  Eosinopenia  in  F-86 
Combat  Operations,  September  1953;  DTIC  No.  AD-  020  375. 

c.  Phase  IV  Performance  Test  of  the  F-86F-40  Airplane  Equipped  with  6x3-inch 
Leading  Edge  Slats  and  12-inch  Extensions  on  the  Wing  Tips,  May  1956;  DTIC 
No.  AD-  096  084. 

d.  F-86E  Thrust  Augmentation  Evaluation,  March  1957;  DTIC  No.  AD-  118  703. 

e.  F-86E  Thrust  Augmentation  Evaluation,  Appendix  IV,  March  1957;  DTIC  No. 
AD-  118  707. 

f.  A  Means  of  Comparing  Fighter  Effectiveness  in  the  Approach  Phase,  October 
1949;  DTIC  No.  AD-  223  596. 

g.  War  Emergency  Thrust  Augmentation  for  the  J47  Engine  in  the  F-86  Aircraft, 
August  1955;  DTIC  No.  AD-  095  757. 

h.  Operational  Suitability  Test  of  the  F-86F  Airplane,  4  May  1953;  DTIC  No.  AD- 
017  568. 

i.  Estimated  Aerodynamic  Characteristics  for  Design  of  the  F-86E  Airplane,  26 
December  1950;  DTIC  No.  AD-  069  271. 

j.  Combat  Suitability  Test  of  F-86F-2  Aircraft  with  T-160  Guns,  August  1953;  DTIC 
No.  AD-  019  725. 


2.  These  attachments  have  been  requested  by  Dr.  Kenneth  P.  Werrell,  a  private 
researcher. 

3.  The  AFMC/HO  point  of  contact  for  these  reviews  is  Dr.  William  Elliott,  who  may  be 
reached  at  extension  77476. 


(John  d.  weber 

Command  Historian 


10  Attachments: 

a.  DTIC  No.  AD-B804  069 

b.  DTIC  No.  AD- 020  375 

c.  DTIC  No.  AD- 096  084 

d.  DTIC  No.  AD-  118  703 

e.  DTICNo.  AD-  118  707 
f  DTIC  No.  AD-  223  596 

g.  DTIC  No.  AD-  095  757 

h.  DTICNo.  AD- 017  568 

i.  DTIC  No.  AD- 069  271 

j.  DTICNo.  AD- 019  725 


